We performed a retrospective study to evaluate the feasibility and safety of extensive upper abdominal surgery (EUAS) in elderly (≥65 yr) patients with advanced ovarian cancer. Records of patients with advanced epithelial ovarian cancer who received surgery at our institution between January 2001 and June 2005 were reviewed. A total of 137 patients including 32 (20.9%) elderly patients were identified. Co-morbidities were present in 37.5% of the elderly patients. Optimal cytoreduction was feasible in 87.5% of the elderly while 95.2% of young patients were optimally debulked (P=0.237). Among 77 patients who received one or more EUAS procedures, 16 (20.8%) were elderly. Within the cohort, the complication profile was not significantly different between the young and the elderly, except for pleural effusion and pneumothorax (P=0.028). Elderly patients who received 2 or more EUAS procedures, when compared to those 1 or less EUAS procedure, had significantly longer operation times (P=0.009), greater blood loss (P=0.002) and more intraoperative transfusions (P=0.030). EUAS procedures are feasible in elderly patients with good general condition. However, cautious peri-operative care should be given to this group because of their vulnerability to pulmonary complications and multiple EUAS procedures.
INTRODUCTION
Ovarian cancer is the leading cause of death among female reproductive tract cancers. Data from the Surveillance, Epidemiology, and End Results (SEER) program database (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) shows that 45.6% of ovarian cancer are diagnosed among women older than 65 yr of age, and 76.9% of these elderly patients are diagnosed at an advanced stage of disease (1) . Even within the same stages, young women survive longer than older women even after adjusting for life expectancy (2, 3) . Several reports have suggested that the lower survival rate of elderly patients with ovarian cancer may be largely attributed to less aggressive treatment (4) (5) (6) (7) (8) (9) .
Maximal cytoreductive surgery is the most important procedure in the management of advanced ovarian cancer. However, it has been noted that elderly patients receive fewer operations and a lower percentage of optimal debulking (4, 10) . Despite the common belief that elderly patients might not be able to tolerate the debilitating effects of radical surgery, recent developments in the field of peri-operative care, anesthesiology, and surgical techniques have significantly improved general safety and operability of radical surgery. Fortunately, a number of recent studies have reported that standard cytoreductive surgery is feasible and safe in elderly patients with advanced ovarian cancer (10) (11) (12) (13) (14) . In these reports, optimal cytoreduction rates in elderly patients varied between 45% and 80% (10, (12) (13) (14) .
Several studies have indicated that the application of more comprehensive surgical methods targeting upper abdominal disease can improve optimal cytoreduction rates and overall survival (15) (16) (17) (18) (19) (20) (21) . The surgical approach incorporates the utilization of extensive upper abdominal surgery (EUAS), such as diaphragm stripping and/or resection, splenectomy, distal pancreatectomy, partial liver resection, resection of tumor from the porta hepatis, and cholecystectomy. However, in elderly patients, incorporation of EUAS into standard surgery raises a concern that elderly patients may not tolerate these radical and extensive procedures. Although few studies have addressed the feasibility of these procedures in elderly patients (12) , there is scant data regarding the feasibility of EUAS in elderly patients with advanced ovarian cancer. The aim of this study was to review the experience of EUAS in elderly ovarian cancer patients and assess the feasibility and safety of these procedures.
MATERIALS AND METHODS
With the approval of our Institutional Review Board (NCCNCS-09-303), we retrospectively identified patients who had undergone exploratory laparotomy for advanced epithelial ovarian cancer between January 2001 and June 2005 at the National Cancer Center of Korea. The following variables were recorded: age at diagnosis, histologic type, tumor grade, stage of the tumor, medical co-morbidities for Charlson index (22) , preoperative CA125 value, presence of ascites, surgical procedures performed, size of residual disease, estimated blood loss, intraoperative complications, length of hospitalization, postoperative morbidity within 30 days of surgery, and survival outcome. Records from a center-based tumor registry were used to verify survival of the patients. Survival was calculated from the date of diagnosis until the last follow-up visit or death. Elderly patients were defined as women 65 yr of age or older.
All operations were performed by gynecologic oncologistleading comprehensive surgery team including colorectal surgeons, urologic surgeons, thoracic surgeons and hepatobiliary surgeons (23) . Standard cytoreductive procedures included hysterectomy, oophorectomy, low anterior resection, lymphadenectomy, and omentectomy. EUAS is defined as splenectomy, distal pancreatectomy, cholecystectomy, liver resection, diaphragm stripping and/or resection, and partial gastrectomy. Records of residual mass were retrieved for all patients and optimal cytoreduction was defined as a residual tumor size <1 cm in size. All patients were staged according to the International Federation of Gynecology and Obstetrics (FIGO) staging system. All specimens were reviewed by gynecologic pathologists and graded according to the World Health Organization classification. Prophylaxis for thrombotic complications was given to all the patients who underwent surgery.
Data analyses were performed using STATA software (College Station, TX, USA). The median values between the two groups were compared using the Mann-Whitney U test. Frequency data were evaluated by the Fischer exact test or chi-square test, as appropriate. Survival rates were calculated using Kaplan-Meier methods, and differences were evaluated by the log-rank test and Cox hazard ratio analysis. All P values presented are twosided, and associations are considered significant if the P value <0.05.
RESULTS
A total of 137 patients with advanced ovarian cancer including 32 elderly patients (≥65 yr of age) underwent primary cytoreductive surgery. The characteristics of the patients are described in Table 1 . The median age of the elderly patients was 67 yr (range, 65-79 yr). Co-morbidities were present in 37.5% of the elderly patients. The number of co-morbidities was higher in the elderly without statistical significance (0.3 vs. 0.5, P=0.078). Charlson index (22) was higher in the elderly patients (0.188 vs. 0.167, P= 0.049). The most common co-morbidity was cardiovascular disease. Four of 32 (12.5%) elderly patients had multiple co-morbidities. At the time of hospitalization, tumor stage, grade, and histology were not different between the two groups. Although the initial level of serum CA-125 was not different between the two groups, ascites was more frequently found in the elderly 
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Standard surgery for ovarian cancer was performed on all patients enrolled in the present study. EUAS procedures were applied to all patients whenever it was necessary to debulk the tumor optimally. The list of EUAS procedures and the operative outcomes for each cohort are listed in Table 2 . The most commonly performed EUAS procedure was splenectomy (43.8%). The second most common procedure was diaphragm stripping and/or resection (23.4%). Overall, 77 patients, including 16 elderly patients, received EUAS. The proportion of patients who received EUAS was not different between the two groups (58.1% vs. 50.0%, P=0.420). The proportion of patients who received multiple EUAS procedures was similar between the two groups (19.1% vs. 25.0%, P=0.465). The median estimated blood loss for the entire groups was 850 mL. The estimated blood loss and intraoperative transfusion rate were statistically similar between the two groups. The optimal debulking rate (residual mass <1 cm) was 95.2% for young patients and 87.5% for elderly patients (P=0.213).
Intraoperative injuries and post-operative morbidities within 30 days were described in Table 3 . The most common intraoperative injury associated with EUAS was diaphragm perforation, resulting from aggressive diaphragmatic tumor debulking or diaphragmatic full thickness resection. The most common medical morbidity was infection. Pleural effusion and pneumothorax were the most common morbidities which possibly resulted from EUAS. We also observed that these complications are more frequent in elderly patients, but without statistical significance (6.7% vs. 18.8%, P=0.077). A total of 77 of 153 women received one or more EUAS procedures during their surgery. Among these patients, complications and morbidities were compared according to age (Table 4) . Overall, the complications and mor- The median duration of follow-up for the entire cohort was 38.2 months (range, 1.7 to 87.5). The progression free survival (PFS) and overall survival (OS) are illustrated in Fig. 1 . The median PFS was 22 months (95% confidence interval [CI], 16.6-40.2) for the elderly patients, and 31.5 months (95% CI, 22.9-53.9) for the young patients (P=0.190, by log-rank test, Fig. 1A ). Backward 
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stepwise multivariate Cox hazard analysis revealed that the presence of gross residual tumor was the only independent risk factor predicting PFS (P=0.034, 95% CI, 1.05-3.22). In the elderly, the median OS was 57.8months (95% CI, 20.0-63.4), whereas the median OS was not reached in the young patients. The log rank test showed that elderly patients had a shorter OS than the younger group (P=0.016, Fig. 1B) . Again, however, backward stepwise multivariate Cox proportional hazard analysis revealed that the presence of residual tumor was the independent prognostic factor (P=0.011, 95% CI, 1.32-8.72). In patients with age >75 yr, overall survival was less than 10 months in 4 of 5 patients in spite of optimal cytoreduction. The remaining one patient survived 57 months.
DISCUSSION
The present study showed that EUAS can be performed with careful perioperative management in elderly patients with advanced ovarian cancer. In the elderly patients, we achieved an optimal debulking rate of 87.5% with EUAS. We also observed that intraoperative complication rates, 30 day postoperative morbidity and other operative outcomes were similar between the young and elderly patients. For example, the frequency of infectious complications was not different between the young and elderly patients who had a splenectomy (12.5% vs. 8.3%, P=1.000). Therefore, we suggest that EUAS may be safe and feasible in fit, elderly patients. In the recent study demonstrating that EUAS can help increase the optimal cytoreduction rate, Chi et al. (17) included patients up to 88 yr of age and reported a 76% of optimal cytoreduction rate. Recently, Wright et al. (10) reported the surgical outcome of 46 elderly women, including 33 cases with advanced disease. In the study, they reported that 2% of elderly patients had a splenectomy and the optimal cytoreduction rate for the elderly group (including 22% of early stage patients) was 81%. Recently, Sharma et al. (12) reported an 89.6% optimal debulking rate involving 77 elderly patients, including 26% early stage patients. They defined 'supraradical' surgical procedures as splenectomy, and/or diaphragm resection, and/or liver resection, and/or combined small and large bowel resection, and/or exenteration. In the study, 15 elderly patients (19.4%) underwent 'supraradical' procedures. In our study, we applied EUAS to 16 of 32 elderly patients (50.0%). Our optimal debulking rate (87.5%) was similar to the previous study. However, it should be noted we included only patients with advanced disease, while the previous studies included 22-26% patients of early stage ovarian cancers. As Bristow et al. (24) demonstrated in their meta-analysis, our data also showed that a high optimal debulking rate can be translated into an improved OS (median survival 57.8 months) in elderly patients with advanced ovarian cancer.
In terms of surgical complication, our data suggest that there is no difference between young patients and fit, elderly patients in general. This corresponds with the results of previous studies (10, 12, 13) . However, our data raised a concern that the incorporation of upper abdominal procedures may increase the frequency of specific complications and may cause more physical burden to the elderly patients who underwent EUAS procedures. First, we observed that pleural effusions and pneumothorax were more likely to develop in elderly patients who underwent EUAS procedures. Post-operative pleural effusions are relatively common complications in patients who undergo diaphragm resection and/or stripping (25) (26) (27) . Previous reports emphasize that most of the cases can be managed without respiratory compromise or further complications. Also, in the report by Eisenhauer et al. (26) , the age of the patients who had effusions after diaphragm peritonectomy was not different from that of patients that did not undergo diaphragm peritonectomy. Therefore, at the present time, it is not clear that diaphragmatic surgery is the cause of more frequent post-operative pleural effusion in the elderly. However, given that elderly patients are more vulnerable to respiratory complications, such as pneumonia or respiratory distress, we recommend that intensive care should be given to the elderly patients, especially when they received diaphragm surgery and/or a splenectomy. Second, we found that elderly patients who received multiple EUAS had increased blood loss, longer operating time, and more frequent intraoperative transfusions. Since all of these factors can deteriorate the postoperative outcomes of elderly patients, unnecessary upper abdominal procedures should be minimized. There were several limitations of our study. In addition to the small sample size of the study, one of the major limits of our study was the nature of the retrospective study design, which is vulnerable to selection bias. Therefore, the elderly patients in our study may not represent elderly patients from the general population. Second, our data did not provide an answer for a concern that EUAS may impair quality of life, especially in the elderly patient. Given that the profiles of complications and morbidities were similar between the young and elderly groups, it is very tempting to assume that the impairment of quality of life in elderly patients may not be more severe than young patients. However, a further prospective trial is necessary to elucidate this question. Third, physical age and mental status irrespective of chronological age used in this study must be considered in the future study. Finally, although we have recommended surgery to every elderly patient with a favorable performance score, no severe multiple co-morbidities and adequate activities of daily living, our study did not provide the exact selection criteria for recruiting the 'fit' elderly into surgery. Therefore, how to select 'fit' patients for extensive surgery, including upper abdominal procedures, is still not determined. Recently, Alphs et al. (11) suggested that age over 80 yr, poor nutritional state, and an unfavorable co-morbidity index can predict an unfavorable out-come in elderly patients. Janda et al. (28) also suggests that the risk factor profile, including age, stage, treatment facility, and co-morbidity, can help determine whether we should give standard surgery to elderly patients. Therefore, to improve the outcome of elderly ovarian cancer patients, it is necessary to launch a prospective randomize study to validate the usefulness of these predictive factors and to establish an adequate patient selection system.
Since recent evidences repeatedly stress that standard care should be given to elderly patients with advanced ovarian cancer, now the concern has shifted to how aggressive the surgery should be. Our results suggest that not only standard operative care but EUAS is feasible in fit elderly patients with advanced stage ovarian cancer. However, a gynecologist always should make every effort to minimize unnecessary radical procedures, especially in elderly patients. Also, more careful peri-operative care should be offered to elderly patients when they receive two or more EUAS procedures.
